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(57)Abstract: 

PURPOSE: To make sensing of X- and Y-direction displacement over a 
wide scope by furnishing a main scale with a striation lattice which consists 
of clear surfaces and reflex surfaces parallel with the X- and Y-axis and 
which differs in the ratio of the reflex surface at the pitch from the center 
to the outside. 

CONSTITUTION: A main scale 12 is equipped with a striation lattice 25, 
which is formed with square reflex surfaces 28 and clear surfaces 26, 
repeated alternately, each consisting of two sets of parallel lines stretching 
in the X-axis and Y-axis directions. Therein one clear surface 26 and one 
reflex surface 28 constitute one pattern, and the pattern pitch is made 
constant, and the share of the reflex surface 28 is increased at a constant 
rate from the inside to outside. Accordingly the pitch width and the share of 
reflex surfaces 28 either incremental or decremental are adjusted, and the 
light receiving amount of a light receiving element 20 changes in compliance 
with this value of share according to the displacement amount, which 
enables displacement sensing using analog signals having a large dynamic 
range, and thus an inexpensive photoelectric encoder is obtained which is 
structured with simple circuit constitution, presents high sensitivity and 
high precision. 
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(57) [fflfcj] 

W»^2 5j&S»/*£;h,fc>}f ^^r-/H 2*, flfJlE^ 

f?iaKStLfc>r V7*s/^^^^r— ;n 6 Mi, ml 
ffi^^ /H 2KJKricSiXfe*lttt» : ? : 2 SGM^fr 

^>f^^H 2{dXtttY«it^ ; £-ti-? 
ix¥fT ® 2 6 ir SltS 2 8 ^ ?) /j: 9 , ffofrbft- 



20 24 22 10 




14 12 25 



10: ftlM^^-*" 
12: ^ *f ^*ir—A> 
16: -f #x**str— a, 
25: jftt&fe-T- 



(2) 



fSDH^P 6 — 3 4 3 7 6 



[WBFSB*<D«ffl] 

mm&mm^&ik LTmrEWf*ja i ta^^^m^^^ 

[0 00 1 ] 

©ig»^i6ii:a:s£i-5^7iRi^«B< 3 y *y<Dj3\z£z>m 

[0 002] 



fclSiS U k mm h ft 5 *T- Srfl- L fc. * X 
[0 0 0 3] — iS^^T^W n*s % 

fctfisajtm^^^— y^^1JfflSi^"cv^5 0 

5<t, *<Bfi»jfciiI^j;£fti;i = y a- y 

Elslteft i&ffi f- J: 5 fiSbT-^fi Wj^jIAi <b PlCSfi- 6 # ft 

[0 0 0 4] 
[0 0 0 5] 

y 5/ h t , B»ffiM«»^S:^ bfc^dSAW-*- 5 AW^ y 
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QtmW-e- 3 4 3 7 6 



[0006] m^m2mm<Dmm^^r^ 

[0 0 0 7] 

o (c:^^ >^ /Md xitY fa fd^e tu-en Wf Jfc 
te#JCbT3Eflrt-5fc«&* ^t5y^i/^©*Sft 

[0 0 0 8] 

RitSo #»W<Z>— ^MWfca>a»5#«M 

^^a*«ricSr^?««Wf® H ^ $ tit *3 D , 

*fcB 2 lazm i f-^-r i i ift-c^wfffiia^ *ttr 

V^£ 0 IrH2H£*3!^T, Jfitixya-^i oil, 
-f^^-A-l 2 355»»«f|5tt-14^ag(te>n, X-fyf 

-tLT, MMl 4, 1 8(©*B«-»»««:ttai-St> 
co-e#><5 0 ^yry^^^^-zH 6(D|Hl+±K 
ii, — fl©***^2 0RTfimm<D$:?£%*2 2 a, 2 
2b, --2 2 dj5SfiH*nTV^5o iS**^ 2 0&t*# 

s**^2 2©y-K»n, ^y>-hSte2 4tc[s&^ 

[0 0 0 9] mjfa^-r V^^r— 2(C(i, EJ3(d^*r 
W^ft^ 2 5 ^dcSixTfc U , Ktt*t«^ 2 5 (i, * 

or, x*6t Y«i^i^n^n¥fTft2iBi(©5ptfi» 

^bftSo^O^ n A^Rasitffi2 8 taWB5 2 6 £ 



o=r-«<o— ocoHfjllifii 2 6 irK®irJi!n2 6<0*ffl]fc:R» 

CO t° y ^ P., - P n (C*3 it £ S^tiSJ 2 8 GO i? ft -5 fc 

[0 0 10] — Jj s -fyfy^^^^/H 6 J*, @5 
Ydfct^iptTfelliat^ !)yf30a, 30 b&LKXttM^- 

ffftUiM-* y y h 3 o c, 3 o d^K*j-c>nrv^5 0 * 

^fciBtrK^o^?««Fifii<z>flfJE23t*-7-2 2 a, -2 2d 

^^n^©»i.£ffiaTfc5ffirE*fii4*^ y y h 3 oco 

^MfWCf^ A5+^ y^h32a, 32b, 32c, 32 

d&Bi$i£tix\t*z> 0 z.<Dtz#>, ^ytm-j-2 of^bam 

Ufc^Lli, *5M«t^ y s/ h 3 0 a 

rt> Y«l*rRltcWf*Siail5 2 6 a fcjKMfl5 2 8 a c^g5 
-7-2 0 a(^S**tLSo "t-ftto*>, ^^^H2 

<^«tt»T-2 5±^IBWSttfe*^rt, ^nj]t&l2 6fc^ 
at*Jxfc*liS4**ixi*, Ix9ffi2 8^!KW^^^oo 
^^MMLTA^ y ?/ h 3 2 a *|Rlic:ififT-*-5o 
[0 0 1 l ] mJfEffi^l&T-2 5« ? fl9a?bfc«t 

5fd^iyiDS2 6 t/xStBS2 8 CO 1 a?^ — ^COf^^Pi 
— P n f^*3 tt 5 R 2 8 60 ^ ft 5 #J£> J&S flOJ^ b ^{(I'J 

(Cfnj »t -C— 3£ Jt^ T:iS}*P b r v ^ h tc £> , sfraa* L ^RSJt 
■f-SffiHA5tt«»-7-2 5^ffl|l:vKg, K»*ix5* 

p«-f ^^r-/H 2C0X^fa{i®(ig*^2 2 a 
^^^t^r*^5^^^^5 0 **5, §*»2 2a, 

22b com^tiin 6 i^-riHiis^ <t ^ mmmm&tiftm 
jEmjjk£t%?> 0 

[0012] •ttefr'h&ytm* 22a, 22b te^tl^ 

^2 2 a (O'fgtft/ii/j I.lt 3fe^J«jKStl/fc^U— ^ 
3 y7y/4 0&t5^H3effia:4 2 J; «9 fcSfBSE • KJBE 

itk lsXm?j£ti& 0 #7tM^7^^22a, 2 

^7^/5 Oct o&5^»jjfl#ar^5 2\zk vmmm 
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4*IJH¥ 6 - 3 4 3 7 6 



[0 0 13] /«c*5, YW^^M^tT 
*>, 5©X(**.rnlf^ff&iai3nS5 2 6 b kR 

atffi 28b, /ust^ yyh'30c, 30a, aw^ y v 

h3 2c, 3 2d, 5**^2 2 0, 2 2d^fflU 

«*ufc y — t y ^-f *#bfc«i»^Y«i*rfifi^©p< >r >- 

Pi P2 P3 

Sfl*B5i(MB (/*m) 2 4 6 
SnSiHie (nm) 48 46 44 
E9tB<©Jt;Sp (%) 4 8 12 



SSrjUiiff 2 6 £K9tiHj 2 8££> 1 

d ^ cd/x at as 2 s <o F^fttij m\ m ft w r <d mm <r> m 



Pn-2 Pn-1 Pn 

4 6 4 8 5 0 

4 2 0 

9 2 9 6 100 



[*2] 



Pi 



Pz 



P 3 



Pn-2 Pn-1 



Pn 



RWbSiSMB (jum) 2 4 6 

aWBiBMB (/xm) 9 8 9 6 9 4 

RMm<Dtt:^ (%) 2 4 6 

[0014] * 1 2 5 Mfc^T fnfgE 1 X 

* — ^fcTy^B&S 0 u mk U RS«2 8^J^|S-^ 
5^ o AjRMBSrrt«|^?>^ffl]^l 2 /zm-3o 

111 2 5 0/xm (1 . 2 5mm) kt£Z> 0 ^2 0) 

100/imtU R«-®2'8*JKj«-rS^o 

(5 mm) t*5 0 

[0 0 15] K^y^m&m2<Dffl^\t'<l 
2 O0*J<Jr [5]— k l,T^3fc«>, rt«Jj&»fc*MBK<D 1 tV 
VtV&i<Dm<ojf&JzZ < fc5 0 ^t, IP]— 3E{4fif^ 

-T£ 0 **5 V BJia«iXO^*2Jc*3V^"C(±, — 



9 6 9 8 100 

4 2 0 

9 2 9 6 100 

cOWd&^ThJ:. Pi —Pn£-ec7) h — ^;UcO^£ 

cDJt^l . 2 5 mm : 5mm= 1 : 4T?#>9, fcV^*M 
S: 1 O 0 m mir Lfc^ 2 ©WMJfc^tf y ^*fi£ 5 0 n m 
£ Lfc* 1 <Dm<DJ?&ffi 4 {»<0tetaJB/£*r#5 ^ i: as-c 

[0016] — jiffiat: o ^^-Pi-Pn^-eo ^/u 

aEffiftffi^ffiftffiflllttlffl 0IMEEI8 fcl^-*-- Px~ + 
Px) M:JE£<&5o ft y^y^y^H 2^| 
ffl*«ffl-e#5f4a21EIffl(±. 2 6 &tfRWffi 2 8 . 

K£ »/SSn-CV^iWtt»T-2 5 \zMJ&-fZ>mBk & 
5fc£>, tf s/^Pi-^PnS-c?^ h — ^yKZ>SS*s 1 . 2 
5mm-<?*)5*l <0jBttftT-2 5f^tb^ fcV^Pi — 
Pn^T?C0 h — ^ryKOSS^S 5mm-e*>S*2(OJB5tt» 
■7- 2 5 (Djsifi 4 ^So^4H^iit!B^^:*5V^■c^ >f ;w l 

2©^ffitfettJ^Wffit ttSo 

[001 7] ^±(D<J;9^ flS8EJBStt»T-2 sotry^- 
fi, &WKJ»ifii2 8co l tr^T-S .!9©J8*nffl*WflBU, 

try^Pi-Pn*-e«> h — ^ s * ia«j ateffi^aasf 

^-fv^-Jr— ;H 2cr)+0^®jfflc7)>c#^^^t 
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tl^y^- ^ 1 OSrJBv^Sr kick Jffiff<Z)3gS!j- 
[0 0 18] *fc,-*Sllft01lc:^5*SS!3i^3-^ 

i% mm & <b ^«j-¥ih«'> s itr t> ^rffi-e & s 0 

^©tt:*T?JiJ!ni-f-5J:5^i s/^-*©K8ta5 2 8 
[0019] flcfc, UtrfEH l f^i-*«®^^=»-^* 

mvLmm^&tk \,xm^-mmim^^mm^-r^ 
5fi«iv?^>f ujfts^sn-ciso, raia (a) liiiffi 

m, (B) ' li]EffiWf®ia-t?*-5o **3, ffiEHi i#)EE 
i^5fflS#l£l*?3F-S-l 0 0S:*n^.T^L»inSr«l»-t-5o 
mmi^ir^m^^^ n 6 Oil, ^62^ K^— 
^6 2fc£KLfciHHl^S:J: LT<£>ig»j7-6 4 fi» 

*Rj©*fi««t*Hlfrra— e*>5 0 ^Lt, tg©jT-6 4 

<Z>±fiStCfinT!Bl^^— A-l 1 2 3ftSKftP>ttTV^S 0 

[0020] * it, aniens 6 6 F—t-ymzMiSL 
/u^e>7 4\cmmi,x\<^z> 0 $<btci, mrfESifjT-6 4 

^«^Sttfe«^tR7 01*, ttlK^K 7 o ©3pB5WrB5H 
■CfcSHi Of^-TJ; 5 t^fiSBi^e 4 £ii 5 Y« 



[0021] ^^MM^/j^^^j^-v-r n e otemm 
i\ iai i ^^-t-M/jM^^^7 2 «r0f^;fljn<ojE3i« 

T*M££-tf3<>: (01 2 (A) ) , rJj^^-f/U7 2<0«i 

^^j^f-JcoT^AiE^n^o KP^>, Ell lK^W-Bifi 

St-***:, ifi3>f/W 2<aHM'Jifl8J-Nffias, TfflSfcs 
«s*s«4.-t-S 0 X, iSfr^iafi=i>r^7 2 <z>*» Offline? 
#^feffl]^tiSfr*Nfc'affi*8E-rt, ©Jig =1^7 2 co 

[0 0 2 2] Lt, H 1 1 Cl^vf- «fc 5 i-E&^JS 7 0 CD 

ttyj ^ s , n m xh % tiiifl Jim g i ji (f ^> * ^^-r 

5 0 C©fc«>, B9ffi«^T«7 Ofd*d=i-SJ:{BI]^§l±»f 
C> tbS * «: + F m , TfAfJ LTtfbtb 5 /J - F m k 
fi8&T-6 4<OiWii^e> K— ^-y3R«^W7 0O*I(D 

M= 2 Fm l (M : lOltf^E—y ^ h) 
<D\\htf*r~*i<'h%$:tfZ>z.kkteZ) 0 Sot, Hi 2 
(A) (d^i-J; 5 (-fiStt^-e 4 (©*lB«lli-C(Dtgi!ijKlc 

imiMLTs Hi 1 J^^iaiga-f ^7 2(D#t6*ffi!J^b 

otlS^tS, mzibif*— * vMiJ; ^^®j7-6 4*5 
ftltSSttS^t (HI 2 (B) ) o 

[0 0 2 3] ^±cdJ: 5{cafi=»-<^7 2^m$t%:$t~i- 
^k^X^xmm^e 4SrAqJg*i3r, S 
ill, 4(D^fii^^g: f -exi|**|ni^SS!i* 

^Ur, flffffi»{|iiJfi»iS*"CV^fi»^-6 4fcgiJ 

k^ n yahU^^J: 9as^5Y(4^l$J^fi«©»?B 

iBaftiaffiVx^-^>c#$f;:ft5J:5*--r'5 (H 
12 (C) ) 0 wtbi-^fb, **n<oftiffitta)iftSA**tb 

£<t, flaj$cu^»iS'*-S3 y 5*-y ^jf c^Ytt^r^ 

Wit^ (111 2 (D) ) o Btf^UfcJ;5^|g»^6 
[0 0 2 4] rcD^* v Y«i>7lBl^©fi»ioa#BSraEffi 



(6) 
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ttia^ai i o^fcW5Y«i*ini<DaEffi«tua£E^e>fflj 

x«i#ft<Dg»*M^ 

t^n / n-^§ 0 mj^bfcj:9(-, ftiffiflp*o wjn^sfc, mm 

T-6 4I1H1 3 fd^-f- J; 5 fc*U*«:fiS < 0 ft iSffi 

wIlYttl^ftCD&ffiVy Y (*tgffi*S^o 

fC&S/S) iZttffl-TZo Vyhfc, Vx (XM^fft 

ffitoliVy ©SEYb;©*{cJt«-t-Sw k £ft5„ 

4 ^k^^kix^«i v x i^nm 

#cco»i MJ; V^ZHZo 

[Si] X=Px« s in2sf • t 
V x - d X/d t = 2wf-Px-cos27cf-t 
Px :ft*®|6, f t :fl$flflT&5o 

mm$t i «t o , c o s 2 » f • t = i xte- 

i (Dm^. vx-2 7t f • pxtteSo i&m* 

[0 0 2 5] ^^-e*sM6«(c*3v^rw. smmmmm 

«Sr«i13U Hi 4f^-**J;5^|g»«t«m^a;8 0& 
tMmtBSJ»^Il: 8 2 SrRttTis 0 , Kfi«i«ttU^il:8 
ok LTmffSlII l l ooxtti 

— ^1 1 0 a, XH^!)7^1 52^ £fc/JD 
8I$OT¥iS:8 2 * Lt#ffi^8 4, Sftb»J»¥U#|Hli» 
(AGO 8 6&mtlfi»8 8&<§X.TV^ 0 ^Lt, 
XHiiya-yi 1 0 a 9^®jT-6 4(OX^fri]— (D 
fiSMfcffi&tfcfcUL, Xldxyn-^l 10a©tH*S:X 

i^yry/i 5 2^<t ^Wslt, »ffi»8-4^j:9 
«jE&ffitBfc*#S;K fi»J*6 4&J[^$i*5lf3»Ifc 

tt % xtt/yry/i 5 2coiiiA(iAGC8 6i:t)AA 
Six, w«>jEKjR«>ig*BS:ttaUTl6«i^-6 4<DMMK 

[0026] * it, J841&8 8 liBrStoinfiSMt-e, 
m&m&^wt* o\±, Y«aEffi«tu^©9 2ri>M#<b*L 

«fi»liifft9 2ll HatBBIi^i-*«^^="-^ 
i l o^YWxyn-^i lob, Yfiiyyry/i 5 

4 £SMiB;tT^<3o ^Lt, Y#xyD^^i i ObfC 
J:9«fflSnfeY*raiBiH©fB^iYtt^yr^l 5 

4x*mm^ntcm, fta^f?S9 0{a^^5 o 

rr-C\ ft3gao)IiY^lg«(c:Jt:«li--53&>e>, fti^ffi 
«*^&9 ofcisvvx:, «»A4raSf-««EL, SUM- 

5 C k \z <fc 9 SULfififtiajto) 1 45o 

[0 0 2 7] *^J6«"CttAGC 8 6(Z)ttJ*S:« 

tAi: LTft»ffiffiSSL^S9 0-A^U, 4rfiIE£rfT9<fc 
5tc:LT^5cDT\ J;DiE*J&ft5fiiSa>j«:ff5wtdS 



SILT, 4(D|g#iS^-^{e:<cSJ:5^«JW-*- 
Sdt^So *'#USW(-*5v^Ttt, ^©jtfiW 
^^jlM^MIxya-^i l o^fj(Z)7tn 
/r-^^S^T^oXV^(Dt% IOI!»tBfiR!5S|8!l»ft-r 

(omm^m^-r z>^kiz£9fimm<o&nx^z>Ws 

Wx: tf H l 5 ioiW- J; 5 fc(£«ft*SL#IIM Lfc»£*fc. 

[0 0 2 8] nu^^^J(c^v>T(«^fe"©^ 
£ k— Lfc*s r [Hi 6 (A) td^^-J: 3 

^itjEmftjtm* mm (b> i^-tAmm. &\<^m 
m (c> ic^-i^-mvtk^z^kh^mxhZo &b 

fd, [Willi (C) fOT^J: 5fc«^«*DffiSSl 7 0 a, 1 

•fcfrfaJ: Y<Wl*|fil<7?^fciiJ^^fi»^Lv^ct, i-fcfr*, 

?<i-r%. y^^7^^*LV>wi:3&SK3RSti5o £ <b 
iltfiE^ife(«^*5V^T(±«^«<ONls6i: S*5*<b£rtgK> 
^©«;S£iffi5YttT:»rt\ libtg^^^^iaUKSiirSC 
1 m J: «9 f&?J*£ <b 0jtg =» >T yunfl L 5 dii ff -=e — * v h 
f-J;oTfiBi^S:*nlS*ii:Tv^5*s, Hi 7(^tJ:5 
^«^«©Nffi^ Sffi^&lSSIftT-©«KSrffi5Y»Ji, & 
^^«o^^^ii!]^^¥-^t-J:oT^tu^n^^a 

kiz&vQiKZMt). ^&i?-hm&tiLkmwL=<{&m<o 

Xtt^f^^co^l^ott. Zfet^JR«^(^«fcoTfi»j- : ?'Sr*n 

[0 0 2 9] £fc, nftK^16W{c:*5V^Ttt*iS^a«:« 
IftT-^jfeaSflflJfcRttfc^, HI l 8 f^-t-J: 5 i-^J^^* 
H5&«]^Ktt5 3i:fc^ffi-e*>5o Hi 9 (^tt**91© 
flil(D^^f-7i^5^^^^^o^^^tvT^»5, 

(A) fifflJWrBSH; (B) HjEB5WfB5iaTfo5o fill 

t6o ***«l*;:t5v^T, AiifiT-S6 6ii, K— 
l^JK* * tv^fRlJ i: P^(TOJ k f£5fc* t S m k \c&m * n 
fc^K 7 0t, HMteM^JT- 6 4 OWKKWLHSSI 

J:5^niattf-#!Hl$ixfciaig3-f^7 2 a, 72bi 

<03fe«8ffli]^«K^snTv^5 0 ^fe, fflnaiaiB3-f^7 2 

a , 7 2b P ^^:>ctf^ L, A»offirEfltt5lR 7 

OfCjtt«LTiEB*ttT*3 9. a-)^^6 8|iI^$ 
Hfc3^^fy7 4 a, 7 4 b^^>er^H^ILTV^S 0 

®:e e&miirZo ^'-r, BI2 o^^-r©j^^-f^7 2 
a, 7 2 bSr^f^HJWTiafiaS-tirSt, BM^^^7 



(7) 



WIJH¥6 - 3 4 3 7 6 



2 a, 72 b<Dmm\cmft-7!)m / iiirz> 0 flard«# 

(D<^(DfnJ^(«^^^yU7 2 a, 7 2 b f£ffi^S;ffi<£>fa 
f?fcJ:9»:*Stt5o ^UT, BME^« 7 0 

ttifi3^7 2a, 7 2 bK3l#ott&*L* £fc|sJ8i 

^-j-i-uaaws 7 2 a, 72b 3&»e>w 

[0 0 3 0] .tr-^ B21 (A) , (B) [Z.Tjk't^o 

mm^^C^7 2 b^*/rlHl— «»!"ClllH*ffiIi:iS*|nii:& 

r C7)^^, fl^R7 0<D®)M^^/l>7 2 a^<D3I^O(t 
(JXIiffUBD hW&^^J^l 2 b^f>©ffb«U 

M^-Y^7 2a, 7 2 bfcfi, 4 (D^WlK^ 

mt£^*^*?—<D 1/2 Sr*nx.n«J;v\ 

[0 03 1] JEJLh0>«fc 5MBlt6=»-f /W7 2 a, 72b(C 
(C) ) 0 fcjS, ittJiail 9^LfcH^J^*5V>Tii 

sm%&ft\®m\cfttfxh»fmxhz> 0 fltfia 
Sfia^/l^ 6 a, 2 6 b Ki^m^^f*, ;^f^ 

-fnte.fcjh,!*, «HP6 4 ^(i^tv-y^i/iUt 

mm&xmfe-tz^k&xzzo 

[0 0 3 2] i . 

x, Y#faS{fctftffl*fftt5 r ^^IS^teSo 



[[Hi ] *«0ilco— ^JKW^^^JteSS^^^ — ^© 

[12] hi f-^^m^>'^"^<o^^T^^ 

[13] IH l Kt^l^y^- ?<o*<<( ^xtr— Jl> 
[84] H3^^^^T-(0^ffi^{l^cI:^©^ 
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